A porous nonwoven was developed to research the filtration properties of clean oil and suspension. The experimental results confirm that the pressure drop increased with increasing flow rate of clean oil. And the permeability coefficient of the material increased first and then decreased as the flow rate increased, while the specific resistance showed an opposite trend. Comparing experimental results with theoretical calculations based on the porous nonwoven, we concluded that the pressure drop of two theoretical expectations were smaller than experimental values. In order to reduce the error we revised the theoretical equation and made a comparison; the result show that the two curves had a better match.. Additionally, a great influence of the quality of particles on filtration property was found. The pressure drop and specific resistance of the suspension increased with an increase in the the number of particles in the oil, while the permeability coefficient showed a decreasing trend.
INTRODUCTION
The automobile oil filter can separate different impurity particles from oil by the use of porous material, which has an important effect on service life of automobile engine in practical application. In general, the particles existing in the oil can be intercepted in the surface pores and internal pores of material and form a cake in the process of filtration. 1 After researching several filter companies in the Chinese market, we found that many kinds of filtration materials could be used in the filter, such as plant fibers (cotton pulp oil filter paper), inorganic fibers (nonwoven glass fiber oil filter paper), chemical fibers (nonwovens) and some other composite filtration materials. Upon analysis of the structure and properties of these filters, we found the filter paper and nonwovens to have better filtration effects due to their smaller pore diameters and higher porosities.
Moreover, these filtration materials are usually produced by a wet paper making process and a nonwoven technology which yield a two-layer and three-layer compound structure [2] .
In addition to the traditional nonwoven technology and papermaking process for developing the new filter material, the electrostatic spinning technology and material are also applied in filtration field [3] [4] [5] [6] [7] [8] .
Electrospinning is a process which can produce superfine fibers on a nano-scale on the surface of substrate, however, while the production is low and the experimental equipment is small in practice.
Conventional filtration theories mainly focus on the pressure drop and filtration efficiency of material, which can comprehensively summarize the problems of filtration of gas and liquid. However, few papers pay attention to the change of filtration properties as the clean oil and suspension flow through the material. For this purpose we used the spunlaced nonwoven technology and hemp fiber [9] [10] to develop a porous nonwoven filtration material and research the oil filtration properties. The cake filtration can be neglected due to the low concentration of particles in the oil and short time of filtration in our experiments. Therefore, this paper mainly focused on the change in filtration properties as the clean oil and suspension flowed through the porous nonwoven.
THEORY OF FILTRATION Clean Oil Flowing Through the Material
The pressure drops on both sides of the material as the fluid flows through the porous material flow in accordance with the Darcy's Law [11] . In fact, any clean liquid or gas can easily flow through the porous http://www.jeffjournal.org Volume 9, Issue 2 -2014 structure of a material on the basis of following expressions:
where q is flux of fluid, A is filtration area, k is permeability coefficient, p ∆ is pressure drop, µ is dynamic viscosity of fluid and L is thickness of material.
In particular, Darcy's Law is the theoretical basis of filtration as the clean oil flows through the porous material, however, it does not describe the relation between the pressure drop of the fluid and the internal structure of porous material. Especially, the structure and properties of the material including fiber diameter, pore diameter, filtration area, thickness, and porosity which play a great role in dynamic flow properties of the liquid.
In order to evaluate the relation among pressure drop, fiber diameter and porosity, Davies [12] [13] put forward another equation to calculate the pressure drop of the material:
where U is the flow rate of liquid, f d is the fiber diameter, α is the packing density of material, ε is porosity and ε α − = 1 . The significance and units of the other parameters are the same as Eq. (1).
Bowen [11] presents another equation to calculate the pressure drop which is related to the pore size and porosity of the material:
where J is the flow rate of experimental oil and r d is the effective pore radius of material.
The specific resistance of the material is another important parameter which also has a great effect on filtration property [12] [13] , as expressed by:
where Q is flux of the experimental oil, m R is the specific resistance of material as the cleaning oil flows through the material and
Suspension Flowing Through the Material
The filtration object of the porous material can be all kinds of impurity particles which can be intercepted in the filter material in the process of filtration. Assuming that cake filtration can be neglected due to the short filtration time and low concentration of particles in the oil, Eq. (5) depending on the particles can be defined as: (5) where c R and c p are the specific resistance and pressure drop induced by particles as the suspension flows through the material at 5L/min respectively, m p is the pressure drop of the material as the clean oil flows through the nonwoven at 5L/min.
EXPERIMENTAL MATERIAL AND SETUP Preparation of Porous Nonwoven
Samples of hemp fiber ( Figure 1(a) ) and cotton fiber ( Figure 1(b) ) were used to prepare the porous nonwoven. The fiber fineness of these two fibers was measured by the XSP-BM special optical microscope equipment and the result are shown in Table I . The length of these two fibers was measured manually, and the results are shown in Table II . The mean fiber diameter of hemp and cotton are 14.306 and 14.750 respectively, so the mean fiber diameter can be used to calculate the pressure drop of material on the basis of close the fiber diameters of these two fibers using Eq. (2). The preparation process of porous nonwoven is shown in Figure 2 . 
EXPERIMENTAL SET-UP
The experimental setup used in this study is shown in Figure 3 which contains several parts utilized in the oil-conditioning. The left parts of 2 and 5-10 are an impurity injection system of which the particles were put in the experimental oil and the right parts of 1-12 are the main filtration system. The flux and flow rate of experimental oil were measured by flowmeter 7 and adjusted by regulator valve 5. The solid particles were injected in oil tank 1 and pump 2, and then the tested filtration material 3 was regulated by sample valve 10. The pressure drop across the filtration material was measured by the electronic manometer 12 and the result shown in pressure drop displayer 11. The change of particles in filtration was measured by biotest 4 of APC and some outlet particles which could not be sampled for research would be purified by the cleaning cartridge 6. The experimental process would produce heat which was diffused by heat exchanger 8. 
Modeling of Filtration Process
The process of modeling oil filtration is shown in Figure 4 . The flow rate of experimental oil is q, the filtration area is A (the face velocity of experimental liquid is A q ) and the thickness of material is L.
The flow direction of experimental oil is parallel to the axis of material (A＞L).
The main compositions of experimental particles were SiO 2 , Al 2 O 3 , Fe 2 O 3 , Na 2 O, CaO, MgO, TiO 2 and K 2 O, and the quality percentages of every composition were 68%-76%, 10%-15%, 2%-5%, 2%-4%, 2%-5%, 1%-2%, 0.5%-1%, 2%-5%, Figure 5 is a schematic diagram of experimental liquid flowing through the material. (a) is clean oil and (b) is suspension (the oil containing particles). 
RESULTS AND DISCUSSION Clean Oil and Suspension Flowing the Material

Filtration Properties Change as the Clean Oil Flowing the Material
The pressure drop on both sides of material changes as a function of flow rate of clean oil and the results are shown in Figure 6 . Additionally, the relation among the change of pressure drop, permeability coefficient, specific resistance of material and flow rate of experimental oil are shown in Figure 7 
Theoretical Analysis on Pressure Drop of Clean Oil
The comparison of experimental result and theoretical value of pressure drop is shown in Figure  7 , which was calculated on the basis of clean oil flowing through the material from Eq. (2) In order to reduce the error between theoretical and experimental results, we needed to revise the Eq. (3) in the case of relation p
(2) and (3).
Especially, numerous simulation of filtration process and theoretical analysis show that the multiplying factor 10 instead of multiplying factor 1/8 is used to express the Eq. (3), which originates from a series of calculation and modeling process. Comparing the pressure drop of Eq. (2) and Eq. (3) with experimental expectation from Figure 7 , it can be seen that the pressure drop of Eq. (6) has better matching effect with experimental results (see Figure  8 ). 
Filtration Properties Change As The Suspension Flowing The Material
The impurity particles were added into the experimental oil, which are crushed by the mechanical effect and then distributed uniformly in the suspension, and the relation between particle quality and time is shown in Figure 9 (a). It can be seen that the quality of particles linearly increase from 0.09 g to 0.94 g as the filtration time increase from 9 min to 94 min. From Figure 6 it can be seen that the pressure drop, permeability coefficient and specific resistance of material are determined directly on the basis of flow rate of clean oil.
In particular, the cake filtration can be neglected due to the short filtration time 
CONCLUSION
Hemp fiber and cotton fiber were used to develop the porous nonwoven by spunlaced technology. Then the porous nonwoven, experimental particles and oils were used to model the oil filtration process by the D-30 equipment. The experimental results suggest that the pressure drop increased from 0.6 KPa to 3.4 KPa as the flow rate of clean oil increased from 1 L/min to 6 L/min. In addition, the permeability coefficient of the material increased from 3.69×10 -11 m 2 to 4.25×10 -11 m 2 first and then decreased from 4.25×10 -11 m 2 to 3.9×10 -11 m 2 as the flow rate of experimental oil increased. However, the specific resistance of material showed an opposite trend as the changing of the same flow rate of experimental oil.
The experimental results confirm that the theoretical expectation of pressure drop of Eq. (2) and Eq. (3) are both smaller than the experimental value. Through a series of calculation and modeling process of filtration, we found that the pressure drop of new equation had a good matching effect between theoretical calculations and experimental results.
It can be seen that the pressure drop and specific resistance increased as the quantity of particles increased from 0.09 g to 0.94 g in the experimental oil; however, the permeability coefficient of suspension showed a different trend.
